The preoperative diagnosis of primary ovarian pregnancy (POP) remains elusive and the final diagnosis relies heavily on histologic findings. The diagnostic criteria for POP, established in 1878 by Spiegelberg, are based primarily on the identification of an embryonic sac within the ovary and the localization of conception products therein. However, these diagnostic criteria may be overly strict, which may not only significantly underestimate the prevalence of POP, but also potentially mislead patient management. In this series, we present 7 cases that showed no embryonic sac within the ovary (thus not meeting the Spiegelberg criteria for POP), but were nonetheless classified by the authors as POP based on the unequivocal presence of chorionic villi and implantation sites within the ovary. Immmunohistochemical studies for beta-human chorionic gonadotropin, human placental lactogen, and inhibin highlighted the trophoblastic populations. These findings indicate that POP may occur even if no embryonic sac is pathologically demonstrable. Accordingly, we propose the following modified diagnostic criteria for POP: (1) no pathologic evidence of ipsilateral fallopian tube involvement is present; and (2) evidences of gestation, including presence of chorionic villi and/or implantation site are present within the ovary. If both criteria are met, the diagnosis of POP should be rendered. These proposed diagnostic criteria should lead to more accurate diagnoses of POP, provide more contemporary insights into its true prevalence, heighten clinical awareness of the disease, and ultimately, optimize its clinical management.
Primary ovarian pregnancy (POP) is a rare type of ectopic pregnancy, with an estimated incidence ranging from 1 in 2100 to 1 in 7000 pregnancies or 0.5% to 3% of all ectopic gestations (1, 2) . Since the first documented diagnosis of POP by Saint Maurice in 1682, only about 300 cases have been reported (2) (3) (4) . In 1878, Otto Spiegelberg, a German gynecologist, established the criteria for the pathologic diagnosis of POP (5): (1) the fallopian tube with its fimbriae must be intact and separate from the ovary; (2) the gestational sac should occupy the normal position of the ovary; (3) the gestational sac should be connected to the uterus by the utero-ovarian ligament; (4) and the histologically proven ovarian tissue should be located in the sac wall.
Of the 4 Spiegelberg criteria, the requirement that a gestational sac be present within the ovary is the most challenging to meet. A typical gestational sac is frequently absent or inapparent in adnexal ectopic pregnancy specimens. This phenomenon may be attributable to natural disease developmental processes such as delayed or absent embryonic development, or therapeutic interventions, as in the application of methotrexate for a presumed "ectopic" pregnancy. Overall, <20% of tubal ectopic pregnancies contain an embryonic sac. Even in uterine pregnancies, it is estimated that <25% of miscarriage specimens contain an embryonic sac (6) . In addition, localized hemorrhage, adhesions, reactive fibrous encapsulation, coexisting pelvic inflammatory disease, endometriosis, and limited pathology sampling may contribute to making the embryonic sac less likely to be discovered. All of the aforementioned factors result in cases of probable POP that fail to meet all 4 of Spiegelberg criteria (2, 7) . Therefore, POP is likely to be significantly underrecognized or underdiagnosed. This report describes 7 cases of POP, all of which showed no embryonic sac within the ovary, but in which there was other unequivocal evidence of an ovarian pregnancy. On the basis of an analysis of the clinicopathologic findings in this case series, we propose some modifications to the Spiegelberg diagnostic criteria for POP.
MATERIALS AND METHODS
Cases were clinically encountered and specimens were processed in pathology departments at the various academic institutions. Gross descriptions were extracted from pathology reports. Ovarian masses and associated fallopian tubes were sampled and examined per routine local protocols; additionally, the fallopian tubes were entirely examined in all cases. H&E staining of multiple levels were obtained from each tissue block. Sections with chorionic villi and/or implantation site were confirmed by morphology as well as immunohistochemical staining. Three immunohistochemical stains were used to identify syncytiotrophoblasts within the chorionic villi and intermediate trophoblasts of implantation site. These included antibodies against beta-human chorionic gonadotropin (β-hCG), human placental lactogen as well as inhibin. Variable clinically validated protocols were used at the contributing institutions.
RESULTS

Clinical Presentations
All the 7 cases were either collected in our routine practices or were received as consultation cases to 1 of the authors (W.Z.) over a 25-yr period. Among them were 1 case from Brown University (Providence, Rhode Island), 2 cases from University of Southern California (Los Angeles, CA), 1 case from Yale University (New Haven, CT), 2 cases from University of Arizona (Tucson, AZ), and 1 case from the University of Texas Southwestern Medical Center (Dallas, TX). At the time of diagnosis, patient ages ranged from 35 to 43 yr (mean age, 35.5 yr). The mean gravidity was 2.53 and the mean parity was 1.63. None had a prior history of endometriosis or ectopic pregnancy. Four patients had prior histories of abdominal surgery (4/7) and 5 patients had histories of intrauterine device usage (5/7).
The most common chief complaints included lower abdominal pain (6/7) and vaginal bleeding (5/7), with only 1 case presenting with a low-grade fever of 38°C. All cases except 1 (case 3) were found to have elevated levels of serum β-hCG, ranging from 224 to 13120 mU/mL. Preoperative transvaginal ultrasonography was performed for all patients and none had evidence of an embryonic sac within the uterus. The endometrial stripes ranged from 0.8 to 1.6 cm with an average thickness of 1.1 cm. Unilateral complex adnexal mass with fluid collection was found in 5 of the 7 patients (cases 1, 2, 4, 5, and 7). Preoperative clinical diagnoses for these patients included probable ectopic pregnancy (cases 2, 4, 5), ruptured ectopic pregnancy (cases 6, 7), germ cell tumor (case 1), and pelvic inflammatory disease (case 3). Five patients underwent laparoscopic surgery, whereas 2 patients were operated abdominally. During surgery, 2 patients were found to have up to 1500 mL of fresh, unclotted blood within the abdominal cavity or pelvis (cases 1 and 6). Affected ovaries and fallopian tubes were edematous, hemorrhagic in appearance, and loosely adherent to each other. The case 3 patient was initially treated with antibiotics for 2 wk, but pelvic pain persisted. A germ cell tumor was suspected in 1 case (case 1) when minimally elevated β-hCG level (224 mU/mL) was noted in a clinical follow-up. Unilateral salpingo-oophorectomy was performed for all cases except for patient 1, on whom a total hysterectomy and bilateral salpingo-oophorectomy was performed due to the clinical impression of an ovarian germ cell tumor. The clinical findings of all 7 cases are summarized in Table 1 .
Gross and Histologic Findings
The adnexal masses ranged from 3.5 to 15 cm in greatest dimension (mean, 4.9 cm). They were edematous and hemorrhagic masses with fibrinous adhesions on their surfaces. Grossly, normal intact ovarian tissue was often difficult to identify due to extensive blood clot and adhesion. The residual ovarian tissue constituted no > 30% of the submitted tissues in all cases. Three of the specimens (cases 1, 4, and 6) only showed a small rim of intact ovarian tissue. The ipsilateral fallopian tubes in all 7 specimens were identified, usually with a lesser degree of edematous and hemorrhagic changes compared with the ipsilateral ovaries. Although they were all loosely adhered to the ovaries, they were described as being easily separable from the ovary during grossing. Compared with the other segments of the fallopian tube, the tubal fimbria showed more adhesion to the ovaries. No evidence of tubal mucosal abnormality was identified after complete sectioning of all fallopian tubes (Table 2) . A total hysterectomy and bilateral salpingo-oophorectomy was obtained from case 1. Magnetic resonance imaging was performed and revealed a solid cystic pelvic mass displacing and compressing the uterus and bladder anteriorly (Fig. 1A) . The affected ovary was a 15 cm ruptured hemorrhagic mass and its associated fallopian tube was recognizable although partially coated with blood (Fig. 1B) . The contralateral ovary and fallopian tube were unremarkable, with the exception of mild congestion on their surfaces. The endometrial cavity was smooth without evidence of intrauterine pregnancy. The cervix showed no abnormalities. In addition to the uterus and bilateral adnexa from case 1, a blood clot measuring 12×5×4 cm in aggregate dimension was also examined, in which no solid tissue fragments or fetal parts were identified.
Microscopically, ovarian tissue was confirmed by the identification of ovarian stroma (7/7), primordial follicles (5/7), developing follicles (5/7), and corpus luteum (3/7). Chorionic villi were seen within the ovary for all 7 specimens, while implantation site changes were identified in 4 cases (cases 1, 2, 4, 7). There was no histologic or gross evidence of embryonic sac after extensive examination of all specimens. The number of chorionic villi was typically low and could only be found in <20% of the sections examined (6/7). Only 1 case (case 4) showed villi on 3 of the 5 sections examined. Morphologically, the chorionic villi were typical of first trimester gestational age without apparent edema or fibrosis (Fig. 1C) . No evidence of abnormal trophoblastic proliferation or apparent hydropic villi was seen. Syncytiotrophoblasts were positive for β-hCG and intermediate trophoblasts (implantation site) were positive for either human placental lactogen or inhibin (data not shown). No sections of the fallopian tubes showed evidence of products of conception (Fig. 1D) . Chronic salpingitis was found in cases 3 and 7. Tubal serosal adhesions were seen in all cases. No evidence of endometriosis was identified. Representative microscopic findings are presented in Figures 2-4 .
DISCUSSION
Many factors have been proposed to be associated with increased risk of POP, such as endometriosis, previous adnexal surgeries, previous infectious diseases, history of infertility polycystic ovarian syndrome, and *The patient received a week of antibiotics treatment without improvement, then β-hCG was tested and found to be elevated. A laparoscopic procedure was done and the ovary and fallopian tube were found to be densely adherent each other on the left. Resection of the left adnexa was performed.
AVB indicates abnormal vaginal bleeding; β-hCG, beta-human chorionic gonadotropin; GCT, germ cell tumor; IAB, intra-abdominal bleeding; IUD, intrauterine device; LAM, left adnexal mass; PEP, probable ectopic pregnancy; POP, primary ovarian pregnancy; PP, pelvic pain; RAM, right adnexal mass; REP, ruptured ectopic pregnancy; TVUS, transvaginal ultrasound. intrauterine device usage (8,9). Although a rare phenomenon, studies increasingly suggest that in vitro fertilization and embryo transfer may be an independent risk factor for POP (10) (11) (12) .
Ovarian pregnancy may be theoretically categorized into 2 groups: primary and secondary ovarian pregnancies. POP refers to the situation in which the ovum is fertilized when it is still within the ovarian follicle, resulting in gestation within the ovarian cortex. In secondary ovarian pregnancy, fertilization initially takes place in the fallopian tube, and the resultant conception products are then implanted in the ovary (2) . An intrafollicular pregnancy is invariably primary, whereas an extrafollicular implantation may be primary or secondary (13) . As a practical matter, there is no reliable way to differentiate between POP and secondary ovarian pregnancy, since most ovarian pregnancy cases are not associated with intact follicular structures upon pathologic examinations. In addition, the distinction is devoid of any clinical implications. Therefore, any ovarian pregnancy is generally considered to be primary. 
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The diagnostic criteria for POP defined by Spiegelberg 139 yr ago were mainly based on gross examination of the adnexa, since microscopic examination of human tissue was not well established at that time (1, 5) . Therefore, it is understandable that the presence of an embryonic sac, a grossly distinctive structure, was used as one of the requisite findings for the diagnosis of POP. We believe that many ectopic pregnancy patients were not diagnosed as having a POP simply because they failed to meet the aforementioned criterion of the presence of a gestational sac within the affected ovaries. This is evidenced by the 7 cases presented in this report, all of which showed clear evidence of products of conception in the ovary, but none of which would have fulfilled Spiegelberg original diagnostic criteria.
There are plausible explanations for the absence of an embryonic sac in this setting. Previous studies revealed that anywhere from 10% to 25% of all clinically recognized pregnancies result in miscarriage. Many such miscarriages show no identifiable embryonic sac in the routine as well as thorough gross and microscopic examinations (6) . It has been postulated that intrafollicular pregnancy, that is the product of fertilization at the moment of ovulation, is halted in the early development stage of zygote due to poor implantation site and encapsulation by ovarian stroma; this possibility is consistent with the lower β-hCG level and grossly unidentifiable embryonic sacs in the affected ovarian specimens (14) . An embryonic sac may have been present originally but this is difficult to demonstrate clinically or pathologically. Clinically, most ovarian pregnancies present as rupture of the ovarian mass with associated hemoperitoneum (1,3,5,7) . Grossly, the POP specimen is commonly hemorrhagic and edematous with surface adhesions. These factors contribute to the extreme difficulty in locating the embryonic sac. Furthermore, 
MODIFIED DIAGNOSTIC CRITERIA FOR PRIMARY OVARIAN PREGNANCY
5 of our 7 POP cases were clinically considered tubal ectopic pregnancies, which is a common clinical impression when an adnexal mass and an elevated β-hCG level are present. Many such patients receive conservative medical treatment of methotrexate, which also reduces the probability of finding an embryonic sac. For the aforementioned reasons, we propose that Spiegelberg classic criteria should be updated by omitting the "embryonic sac" criterion and instead replacing it with "the identification of any evidence of products of conception including chorionic villus, implantation site, isolated trophoblast, and embryonic sac with or without fetal tissue within the affected ovary, while ipsilateral fallopian tube is intact or with no evidence of pregnancy after extensive histologic examination." Ancillary studies, including immunohistochemical staining for trophoblast such as β-hCG, human placental lactogen, and inhibin can be used to aid the diagnosis when morphologic evidence is equivocal.
In our practice, we have encountered pathologists who hesitate to sign out such cases because no embryonic sac is present in the ovary. Identification of an embryonic sac in the ovary remains the standard criterion in pathology textbooks for diagnosing ovarian pregnancy. Therefore, it is necessary to make changes. On the basis of the above modified diagnostic criteria, the true incidence of POP is likely to be more than the previously estimated incidence of 0.5% to 3% among all ectopic pregnancies (1, 2) . An awareness of POP in the clinical setting of ectopic pregnancy, an ovarian mass and elevated serum β-hCG levels, has clinical significance. Compared with tubal pregnancy, POP may have a higher tendency to result in intraabdominal hemorrhage (15) , which is a life-threatening complication of ectopic pregnancy. This is likely attributable to the fact that the ovary is a solid organ and has a more robust blood supply than the fallopian tube. Proper awareness of POP may guide the timely 
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initiation of appropriate therapies. It is of interest to note that 5 of our 7 patients had an intrauterine device in place and 4 of the 7 had a history of abdominal surgery. These are recognized risk factors for ectopic pregnancy (1, 3, 10) . Accordingly, in clinical practice, it is important to consider POP in the differential diagnosis when an ectopic pregnancy is suspected in a woman with these risk factors. Chorionic villi were found in all 7 cases, whereas 4 cases demonstrated implantation sites. That is to say, implantation site is not always demonstrable. This is similar to abortion specimens of intrauterine pregnancy, in which implantation site is far less frequently seen than chorionic villi. The extensive hemorrhage and necrosis may contribute to the difficulty of identifying implantation sites. Moreover, the ipsilateral fallopian tubes should be examined thoroughly to avoid overlooking any evidence of tubal pregnancy and the possibility that chorionic villi may be carried over through the fallopian tube.
As POP commonly presents as an adnexal mass, the differential diagnoses of neoplasia, specifically germ cell tumor, need to be considered as well. This is particularly true when an adnexal mass is associated with elevated β-hCG level, as was exemplified in case 1. In that case, a preoperative consideration of the possibility of POP would have obviated the need to resect the contralateral adnexa and the uterus, thereby possibly preserving fertility. With the improvement in ultrasonography techniques and instrumentation, especially with the use of the transvaginal probe, a proportion of POP may be diagnosable preoperatively (7, 16) . A preoperative or intraoperative diagnosis of POP theoretically offers the opportunity for the selective excision of the products of conception from the ovary in the appropriate clinical setting (17) . From a pathology perspective, with the modified diagnostic criteria for POP, the diagnosis of ovarian pregnancy can be made more definitively, instead of the suggestive diagnostic statements that are necessitated by the old diagnostic criteria when an embryonic sac is not demonstrable.
CONCLUSION
The 7 cases of POP presented herein showed no evidence of embryonic sac within the ovary, but did show other unequivocal evidence of ovarian pregnancy. Our findings suggest that one of the diagnostic criterion originally established by Spiegelberg, that a gestational sac necessarily be present, is overly strict and has resulted in a long-term underdiagnosis and reduced recognition of this enigmatic disease. Hence, we propose the following modified diagnostic criteria for POP: Any evidence of gestation, including chorionic villi and/or implantation site within the ovary, when fallopian tube is completely uninvolved, can establish the diagnosis of ovarian pregnancy, while the presence of embryonic sac is not necessary. These proposed diagnostic criteria should lead to more accurate diagnoses of POP, provide more contemporary insights into its true prevalence, improve clinical awareness of the disease, and ultimately, optimize its clinical management.
